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INTRODUCTION 
Visual performance and limitations of underwater diving masks play an 
important roll in the safety and enjoyment of both the recreational and 
occupational diver. Vision is the primary sensory information source in an 
underwater environment. An inferior optical system, in an otherwise 
superior mask may not provide the diver with enough information to 
respond safely to a potential hazardous situation. Precious little research 
has been published concerning visual performance of dive masks as of late. 
This comparative study addresses several variables involved with 
scuba mask design. These variables will be individually tested both 
objectively and subjectively in an underwater environment. This testing 
will hopefully lead to greater standardization in determining visual 
performance based on objective measurements. The results of these tests 
will then be compared statistically to reveal any correlations between 
mask performance and design variables. 
There is an ever increasing number of dive mask companies who claim 
an increased field of view and clear vision with their mask design. 
Faceplate designs vary greatly. They range from large plane frontal 
surface areas to toric lens designs. The toric lens design is not yet 
available to the public for dive use. Differences in design may potentially 
effect the visual performance of the wearer. 
To better serve the needs of the diver, optometrists should have a 
basic understanding of dive mask design, visual characteristics, and 
limitations in order to educate diving patients about visual factors 
related to masks. A current trend of dive masks is to incorporate 
prescription lenses that are designed to be used as part of the mask. 
These lenses are commonly "prescribed" and dispensed by the mask 
retailer using a trial and error method. This practice in most states may 
encroach upon the legal practice of optometry or in other words, 
practicing without a license. Before the legal issue can be addressed 
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however, background information regarding mask performance and 
optometry's interest in underwater optics must be addressed. 
The purpose of this project is to determine visual characteristics and 
limitations of SCUBA masks in order to help inform dive companies, dive 
shops, and optometrists to better educate the diving public. There were 
expectations of finding minor differences between different mask designs 
tested. Other than Luria, 11 no published research has shown major 
differences in mask characteristics. 
METI-IODS 
Twenty eight different SCUBA dive masks were evaluated. Each was 
run through a specific battery of tests. The masks used in this study 
represented a broad spectrum of design. They are widely available and 
were obtained from the best known dive mask companies in the world. 
The test battery included visual acuities, visual fields, stereo-acuity, 
and contrast sensitivity. Listed below is a description of our methods for 
testing these dive masks. 
Each mask was first randomly assigned a number. This was 
accomplished by placing a different mask name on 28 identical cards. The 
cards were then placed in a hat and mixed thoroughly. The mask identified 
on the first card drawn was assigned the number one, mask name on the 
second card drawn received the number two, and so on until all the masks 
had been assigned a random number. A tag with the assigned number was 
then attached to the masks' head strap. From that point on, the masks 
were identified only by their individual number. 
Prior to underwater testing, the masks were first subjected to 
physical measurement. All of the mask faceplates were photocopied onto 
graph paper. This allowed all of the masks to have their faceplate area 
quantified. A, B, and ED dimension measurements were taken. The A 
measurement is defined as the largest width found when encompassing the 
lens, as positioned in the mask, in a square border and measuring the 
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horizontal width of the box. The B measurement is defined as the vertical 
height of the box, while the ED measurement is defined as the diagonal 
measurement of the box. 
Vertex distance was measured on all of the SCUBA masks. This 
distance is measured from the apex of the wearer's cornea to the back 
surface of the faceplate, directly anterior to the corneal apex. Vertex 
distances ranged between 2.5 - 2.9 centimeters for all masks tested. The 
vertex distance from our mask sample yielded on average of 2. 7 
centimeters. For the purpose of this study this average was used and 
assumed to be constant for all masks in this report. This average is very 
similar to the result reported by Luria.1 1 
An indoor swimming pool was chosen as the underwater test area. This 
setting was chosen because of the consistent water conditions. Turbidity, 
temperature, lighting, and accessibility were all constant throughout the 
testing period. Finding a natural body of water that maintains all of these 
qualities over time is virtually impossible. The interior pool color was 
white and no shadows were present in the testing environment. All of the 
testing was done at a water depth of five feet or less, depending on the 
test. Visual acuities were measured at a depth of five feet. Stereo-
acuity and visual fields were done at 2.5 feet below the surface, while 
contrast sensitivity was measured at a depth of two feet below the 
surface. Testing depth was established in relatively shallow water to 
minimize lighting loss due to water depth. The standard surface lighting 
was measured with a light meter to be 80 lumens. This value was 
constant throughout the testing and was supplied by overhead 
incandescent bulbs. 
The testing sequence and protocol were established prior to testing. 
Masks were chosen at random from the container used to store the masks. 
A commercially available anti-fogging agent was applied, rubbed on the 
inside faceplate surface, and then lightly rinsed. Visual acuity 
measurement and visual field testing immediately followed the anti-
fogging procedure. The defogging agent was then reapplied and stereo-
acuity and contrast sensitivity testing were performed. No apparent mask 
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fogging was noted by either the subject or examiner during the testing 
procedures using this protocol. 
Our test subject was a 26 year old male who was known to be a good 
observer and responder. He is a -4.00 D myope who was corrected with 
Bausch and Lomb spherical soft lenses. His distance visual acuities on the 
surface were measured at 20/20 in each eye and 20/15 with both eyes. 
Visual acuity was evaluated prior to testing, and was consistent 
throughout each test period and during all testing sessions. The contact 
lenses were new and free of defects or deposits. The contact lenses were 
cleaned approximately one hour prior to beginning each test session. 
Visual acuity measurement was the first test done in the sequence. A 
metallic measuring tape was secured to the pool floor using transparent 
weatherproof tape. The measuring tape extended twenty five feet from 
the targets. Located at the zero point of the measuring tape was an acuity 
chart. The chart was located ten centimeters above the pool floor facing 
the subject. The acuity chart is commercially available from the Bernell 
Corporation and includes visual acuity demand from 20/200 down to 
20/15 in the form of black letters on a white background. 
The subject first moved back to the twenty five foot mark and assumed 
a standard horizontal diving position with the body parallel to the pool 
bottom. The swimming position with the head erect was chosen to 
simulate a viewing environment encountered frequently while diving. The 
subject then inched slowly forward, slightly above the pool floor, until he 
was just able to resolve 3/4 of the letters of the 20/15 line. A distance 
reading at this point was taken by having the subject maintain his 
position on the pool floor and peering directly down. The procedure was 
then repeated by having the subject start at a point near the target, then 
move slowly away until the subject was unable to resolve 3/4 of the 
20/15 line. 
Visual field measurement was completed immediately after the visual 
acuity measurement. An arc perimeter from Optical Import, Bellingham, 
WA was the unit of choice for underwater testing. The perimeter forehead 
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rest was modified slightly to accommodate a subject wearing a dive mask. 
The perimeter was located on a stand which placed the uppermost portion 
of the perimeter one foot below the water surface. The lowermost portion 
of the arc was three feet below water surface. The background of the 
perimeter was flat black and a white standard 5 mm bead was used as a 
stimulus. Head position was constantly monitored to insure accurate 
fields. The arc perimeter rotated around a central fixation point and 
readings were taken in vertical, horizontal and diagonal positions. These 
corresponded to: oo, 45°, 90°, 135°, 180°, 225°, 270°, and 315° 
meridians respectively. 
While the subject fixated the central point, the standard bead was 
moved at a rate of 5°/sec from an unseen position to a seen position. 
When the subject first saw the movement of the bead, a finger was raised. 
In the case of a tri-window mask, the finger was raised when first seen, 
lowered when it disappeared into the area of the relative scotoma, and 
then raised again when the bead came back into view. After completion of 
testing in the first meridian, the perimeter was rotated 45° and the 
testing repeated. This was done until all eight meridians were measured. 
The subject reported that he was unable to detect the bead thru the clear 
portion of the skirted masks which would have lead to and increased field 
of view for masks in that group. 
Stereo-acuity was measured with a stereo-acuity tester commercially 
available from the Bern ell Corporation (model HS 6192). The instrument 
is based on the principle of the original Howard Dolman device.4 The 
concept involves a system of two vertical rods, one of which is 
stationary, and the other movable in order to allow the subject to align it 
with the stationary rod. This is accomplished by pulling a string attached 
to the movable rod on a pulley system, which allows the rod to be moved 
either toward or away from the subject. The unit that is available from 
Bernell also incorporates horizontal arrows that are affixed on top of each 
rod to aid alignment. In addition, the stationary rod can be placed at 
different locations. 
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The testing unit was placed 2.5 feet above the pool floor, which was 
approximately 2.5 feet below the water surface. The subject was in a 
horizontal diving position aligned with the front of the unit. A test 
distance of ten feet from the unit was strictly monitored. Body movement 
was kept to a minimum and head movement was not allowed in order to 
avoid any monocular cues to depth perception. Two readings were taken. 
The stationary peg was set at a random setting and the subject was 
instructed to align the movable rod with the stationary rod. After this 
was done, the stationary rod was moved to a different location and the 
subject was again instructed to align the rods. The subject was not 
allowed to see which way the stationary rod was moved. A reading was 
taken at each "perceived" alignment setting by the subject. A positive 
value was assigned to the distance between the rods if the movable rod 
was closer to the subject than the stationary rod. A negative value was 
similarly assigned if the movable rod was further away from the subject 
than the stationary rod. 
Contrast sensitivity was assessed using the Vistech VCTS 6000 
system. This unit utilizes near point contrast sensitivity target cards. 
Three separate and different cards were randomly used for contrast 
sensitivity measurement. These cards were laminated to make them 
waterproof. Each card was presented to the subject in a hand held 
apparatus at a distance of 40 centimeters from the subject. Each card had 
five rows and nine columns of individual targets with differing spatial 
frequency and contrast combinations. Each row had the same cycle per 
degree demand, with the contrast decreasing horizontally from left to 
right. Five separate spatial frequency demands ( 1.5, 3, 6, 12, 18) were 
sampled by each card. 
Standard test procedure was followed where the subject was required 
to identify the direction of the contrast lines for each target demand. The 
cards were switched at random for each mask so that the subject had 
minimal opportunity to memorize the sequence for each card. 
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RESULTS: 
Visual Acuity: 
Visual acuity results are reported in linear values rather than a 
standard Snellen visual acuity. Results are reported in this manner for 
two reasons. One, standard Snellen acuities are not equivalent to acuities 
measured underwater due to the induced 33% magnification factor.1 This 
angular magnification is the result of the change in index of refraction 
from placing an airspace in front of the eye underwater. Two, the linear 
distance required to see a certain fixed object more closely resembles a 
real world diving situation. This distance will vary upon actual diving 
conditions. These variables may include, but are not limited to: water 
turbidity, amount of light present, contrast and color of the object in 
regard, object depth, movement of the object, and optical 
considerations.2,5 Optical considerations may include the amount of 
ametropia, faceplate aberrations or toricity, and physiological corneal 
edema as is seen with the SCAL lens.3 
The masks were broken into 4 groups for statistical analysis. Group 1 
included all 30 masks. Group 2 included three masks with dark opaque 
skirts, rather than the clear silicon skirt. Group 3 consisted of eight tri-
window masks. Group 4 included eleven goggle style masks. 
The average distance required to resolve a 20/15 demand line on the 
surface was 480.5 em. Underwater this distance ranged from 417.8 em to 
546.1 em depending on the mask. When comparing visual acuities between 
the three mask groups, no significant difference was found with a t-Test 
(p=.78) . The visual acuities did not fall into any recognizable pattern. No 
correlations or poor correlations manifest between visual acuity and the 
other tests in the battery. 
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VISUAL FIELDS 
Visual field analysis was done for each mask separately and for each 
mask group previously described. Rather than calculate and graph the 
actual visual field for each mask, a relative field index or numerical sum 
for all seeing areas in eight meridians tested is reported here. The total 
field was calculated as a sum of the eight horizontal, vertical, and oblique 
meridians measured. As would be expected, the tri-window masks yielded 
the largest total visual field in addition to the largest horizontal fields. 
Aside from the ever present scotoma and image jump, the tri-window 
masks yielded an average total visual field of 395.9°. The scotoma found 
with the tri-window mask is due to optics of the perpendicular junction 
and the bar separation of the plates of glass. The average horizontal field 
was 145.9°. The following table shows the average total index as well as 
the average horizontal index for each mask group. 
TABLE 1 : Mean Binocular Visual Field Result in Degrees 
GEQJP TOTAL HORIZONTAL 
ALL 377.0 121.7 
DARK SKIRT 360.8 108.1 
GOGGLE 354.7 96.6 
TAl-WINDOW 395.9 145.9 
The horizontal field index is the sum of the right and left field 
measurements (0° & 180° meridians). It was found that a mask's total 
glass area is very predictive of it's total visual field measured 
underwater. Correlations between these two factors range from .891 for 
the dark skirt group, to .931 for the tri-window group. A correlation of 
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.661 was determined for the goggle group. This would indicate that for all 
groups except the goggle group, an underwater determination of horizontal 
field will give the best overall prediction of total visual field. Curiously 
both the maximum and minimum total visual field is represented by masks 
in the tri-window group. The range of visual fields for the mask groups 
were as follows: dark skirt group 336° to 421 o with a mean of 377°; 
goggle group 321 o to 380° with a mean of 354.7°; and tri-window group 
300° to 470° with a mean of 395.9°. 
STEREO-ACUITY 
Stereo-acuity measurements were taken with each mask. The 
measurements were then again divided into the previously mentioned four 
groups. Stereo-acuity values were very similar for all groups except the 
dark skirt group. The dark skirt group's stereo-acuity value was roughly 
twice that of the other groups measured. 
TABLE 2: Mean Stereo-acuity 
GRQJP ARC SEC 
ALL 2.74 36.2 
DARK SKIRT 4.77 62.6 
GOGGLE 2.73 36.0 
TAl-WINDOW 2.75 36.3 
In this recording system, the higher the value, the worse the stereo-
acuity. This represents a greater distance between pegs. The stereo-
acuity calculations in arc seconds were based on an air environment 
without the induced underwater magnification and may not be directly 
comparable to those actually measured in an air environment. Although 
the visual field is no smaller with the dark skirt group than other groups, 
the stereo-acuity was poorer. 
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CONTRAST SENSITIVITY 
Contrast sensitivity testing has the potential to become a better 
method to evaluate underwater visual function than threshold acuity 
alone. Surface norms have been developed for this testing which can help 
diagnose and follow certain visual anomalies. These are characterized by 
deficits in specific contrast spatial frequencies.14 Underwater norms 
were to be developed utilizing the Vistech VCTS 6000 system. 
Analysis of data revealed no repeatable or characteristic patterns. 
Generally speaking however, low spatial frequency patterns yielded a 
higher value than did high spatial frequency patterns. Even in the lower 
contrast ranges, this was apparent. Almost all of the individual target 
patches were correctly identified from the highest to the lowest contrast 
spot for all five spatial frequencies on the cards. Due to a "ceiling effect" 
for testing underwater no conclusions can be derived from the contrast 
sensitivity data. 
DISCUSSION 
Vision is the single most important information gathering system a 
diver has. Vision is important not only for the enjoyment of the 
underwater world, but for recognizing and avoiding danger therein . For 
this reason, adequate visual function as well as good equipment is 
necessary. 
Resolution distance acuity is a more useful measure of seeing 
underwater than is Snellen acuity. With this method, no conversion factor 
is necessary to measure and equate underwater with surface seeing. Why 
try to equate and compare apples and oranges, so to speak. All of the 
masks tested in this study provided nearly equal acuities with little 
variation. The slightly larger than expected range of values was 
attributed to subject variation due to contact lens dynamics, head, and 
body movement. 
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A theory that better acuities may be obtained by using a mask with a 
dark skirt has been circulating within the dive industry and retail stores. 
This follows the idea that it is easier to see through a window if you cup 
your hands around your face thus blocking out any extraneous reflected 
light. The results of this study are not in agreement with this contention. 
It is the opinion of these authors that instrument myopia might be a 
contributing factor for decreased stereo-acuity with dark skirt masks. 
Instrument myopia is the over activation of the accommodation system 
due to a proximal stimulus such as the face plate of the dive mask. Our 
results do not support the report that a dark skirt on a dive mask results 
in better underwater acuity and recognition. 
The underwater visual field is significantly more restricted with any 
mask than the average field on the surface with out a dive mask. To the 
neophyte SCUBA diver, this reduced field may cause some distress and 
uneasiness, but it usually decreases as more experience is gained in an 
underwater environment. 
Visual field results revealed a substantial difference between masks 
and mask groups. The tri-window mask group afforded the largest field, 
however, a scotoma and image jump is inherent to the tri-window mask 
design. The authors feel that with some experience using a tri-window 
mask, the annoyance and inconvenience of the blind spots and 
accompanying image jump can be overcome. The visual field in the other 
mask groups is not as reliably predicted from the total glass area as is 
the tri-window group. Goggle masks may be the most economical 
alternative for the ametropic diver since prescription lenses are pre-
manufactured by the company. 
Stereo-acuity is roughly equal between three of the four mask 
groups. The results for stereo acuity are as follows: dark skirt group 
2.66 em to 7.66 em with a mean of 4.77 em; goggle group perfect 
alignment to 7.66 em with a mean of 2.73 em; and tri-window group 0.66 
em to 6.33 em with a mean of 2.75 em. The dark skirt group yielded 
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significantly decreased stereo-acuity measurements. Contrary to Luria's 
previous reported findings we did not find that a decreased field of view 
resulted in decreased stereo-acuity. He found that stereo-acuity was 
found to decease with decreased field of view (visual field).9, 11 He 
offered several theories or explanations to explain the decreased stereo-
acuity. One of his more plausible ideas involved decreased duction ranges. 
"Decreased duction ranges are caused by decreased peripheral 
stimulation" .7 In testing however, increasing peripheral stimuli did not 
increase stereo-acuity, but did increase duction ranges. 
Psychological considerations may also affect stereo-acuity also. The 
two psychological factors that have been reported to affect stereo-acuity 
indirectly include the Ganzfeld effect 10 and band aperture myopia. 8 The 
Ganzfeld effect is due to an empty visual field. When a homogeneous field 
is present without contrast, targets, or objects of interest, a diver's 
accommodation will increase and posture at his dark focus (point). This 
point is usually at a distance of one meter from the individual. On average 
this distance corresponds to one diopter of accommodation.1 Band 
aperture or instrument myopia is an increase in accommodation due to 
peering through a small opening. 
As reported, quite an array of theories and explanations for 
decreased stereo-acuity exist. If the findings from this study are 
replicated, then clearly more research is needed to help define the 
unknown causes leading to this decrease. Instrument myopia and other 
factors need to be investigated to further understanding in this area. 
Although no reliable or normative results were established for 
underwater contrast sensitivity testing it was determined that standard 
surface testing procedures are not acceptable for underwater testing. The 
surface test must be modified for the measurement of contrast 
sensitivity underwater. It is the authors' hope that a standardized method 
for evaluation of underwater contrast sensitivity will be developed. 
The correlation tables allow us to predict the performance of one 
variable when another is known. A value greater than 0.6 is considered to 
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be a fairly good indicator of a strong relationship and that the two test 
conditions are measuring similar performance variables. For dark skirt 
masks there was a high correlation between horizontal visual field and 
stereo-acuity, out visual acuity, and total visual field. The relationships 
between glass area, visual acuity, stereo-acuity, and visual fields was 
poorly correlated with the goggle group. The tri-window group had high 
correlations between horizontal field and total field and between stereo-
acuity and total field. 
It was was our experience that a modification of the Vis Tech 
contrast sensitivity testing procedure is indicated for any future 
underwater testing. The factor which most likely produced the "ceiling 
effect" with the Vis Tech was the induced underwater magnification. This 
magnification could have been eliminated by either utilizing a sized 
correcting lens or by increasing the target distance. However, either of 
these modifications would have rendered the normative values for the test 
as non-standard. Standard surface testing methods cannot be utilized in 
an underwater environment without some form of modification. Clearly, 
the well established surface norms have little or no bearing on any 
underwater test results. 
There are limitations with the single-subject research design we 
employed, which makes it difficult to generalize results of this study to 
the diving population. For example the subject in this project may have 
had an idiosyncratic response to dark skirted masks that is uncommon in 
the general diving population. These test results may need to be 
replicated with a greater number of subjects. 
We believe that this study is a first step towards establishing a 
standardized battery of visual performance tests for the evaluation of 
dive masks. This battery would help to establish standards, as well as 
providing a comparative index by which all masks could be evaluated. 
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DARK SKIRT MASKS 
X1: Total Field 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: lsn 142.579 124.583 11813 111.294 Is 
Minimum: Maximum: 
SS6 421 1131 
X2: Stereo Acutly 
Mean: Std. Dev.: Std. Error : Variance: Coef. Var.: Count: 
14.773 12 .588 11.494 16.699 ]s4.221 Is 
Minimum: Maximum: 
2.66 7 .66 14.32 
X3: max sa 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: 
Is Is 13.464 136 1120 Is 
Maximum: 
1 1 1 5 
X4: min sa 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: 
1-.667 js.sos 13.18 130.333 1-826.136 13 
Minimum: Maximum: 
- 6 5 · 2 
Xs: range sa 
Mean: Std. Dev.: Std. Error: Variance : Coef. Var.: Count: 
ls.667 1.577 1.3S3 1.333 110.189 13 
Minimum : Maximum: 
5 6 1 7 
DARK SKIRT MASKS 
Xs: VIsual Acuity In em 
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1462.537 15.283 13.05 127.909 11.142 13 
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X1o: horizontal field 
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in va 
out va 
Range va 
horizonta .. . 
Recode of .. . 
Recode of .. . 
DARK SKIRT MASKS 
Correlation Matrix for Variables: X1 ... X1 2 
Total Field Stereo ... max sa min sa range sa Visual A ... in va out va 
1 
-.663 1 
-.998 .707 1 
- . 994 .743 .999 1 
-.895 .259 .866 .839 1 
-. 014 -. 74 -.04 7 -. 1 .458 1 
.313 -. 919 -.371 - . 41 9 .144 .945 1 
-. 7 -.072 .655 .614 .945 .724 .46 1 
-. 725 .996 .766 .798 .341 -.679 -.881 .015 
.931 -.344 -.907 -.884 -.996 -.377 -.054 -. 912 
-.998 .707 1 .999 .866 -.047 -.371 .655 
-. 01 4 -. 74 -.04 7 -. 1 .458 1 .945 . 724 
Correlation Matrix for Variables: X1 ... X1 2 
R anQe va h . onzont... R od ec eo ... R od ec eo ... 
Range va 1 
horizontal fi .. . -.424 1 
Recode of M .. . . 766 -. 907 1 
Recode of Mi .. . -.679 -.377 -.04 7 1 
GOGGLE MASKS 
X 1: Total field 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: 
1354 .7 119.743 16 .243 1389 .789 15.566 11 0 
Minimum: Maximum: 
321 380 3547 
X2: stereo acuity 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: 
12.729 12.457 1.777 16 .036 190.03 11 0 
Minimum: Maximum: 
0 7 .66 27 .29 
X3: max sa 
Mean: Std. Dev. : Std . Error : Variance: Coef. Var.: Count: 
13.4 13.627 11.14 7 113.156 1106.678 110 
Minimum: Maximum : 
- 3 1 1 34 
X4: min sa 
Mean: Std. Dev. : Std . Error : Variance : Coef. Var.: Count: 
1-2 14.372 11 .382 119.111 1-218.581 11 0 
Minimum: Maximum: 
£8 5 -2 0 
Xs: range sa 
Mean: Std. Dev. : Std . Error : Variance: Coef. Var.: Count: 
15.4 12.547 1.806 16.489 147.173 11 0 
Minimum: Max imum: Range: Sum : Sum Squared: # Missing: 
11 19 Is ls4 1350 Ia 
GOGGLE MASKS 
Xs: visual acuity in em 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: 
1488.011 129 .481 19 .323 1869 .138 {6 . 041 11 0 
Minimum: Maximum: 
452 .12 546 . 1 4880 . 11 
X7: in va 
Mean: Std. Dev.: Std . Error: Variance : Coef. Var.: Count: 
1482.754 130.06 19 .506 1903.63 16.227 110 
447.04 543 .56 4827.54 
Xs: out va 
Mean: Std. Dev.: Std . Error : Variance : Coef. Var. : Count: 
1493.268 129.177 19.227 1851 .324 Is. 915 11 0 
Minimum: Maximum: 
457.2 548.64 4932 .68 
Xg: range va 
Mean : Std. Dev. : Std . Error : Var iance : Coef. Var.: Count: 
110.514 15.776 11 .826 133.359 js4.933 11 0 
Minimum: Maximum : 
2.54 17.78 105 .14 
X 1 0: horizontal field 
Mean: Std. Dev.: Std . Error : Var iance: Coef. Var.: Count: 
196.6 14 .402 11 .392 119.378 
Minimum : Maximum: 
90 1 05 966 
·' 
Total field 
stereo ac ... 
max sa 
min sa 
range sa 
visual ac ... 
in va 
out va 
range va 
horizonta ... 
T t I f ld oa le 
1 
.215 
-.1 92 
-.129 
-.053 
. 1 91 
.172 
.209 
.158 
.661 
GOGGLE MASKS 
Correlation Matrix for Variables: X1 X1 0 
s ereo a .. . max sa mm sa range sa VI SUa a ... 1n va 
1 
.354 1 
.248 .813 1 
.078 .029 -. 559 1 
-.406 -.349 -.446 .27 1 
-.46 -.327 -.425 .263 .995 
-.34 7 -.367 -.465 .274 .995 
.641 - . 1 54 - . 1 3 7 .01 6 - . 1 54 
-.199 - .072 -.277 .373 .358 
Correlation Matrix for Variables: X1 ... X1 0 
range va 
horizontal fi ... 
range va 
1 
.029 
h . onzont ... 
1 
1 
.981 
-.247 
.348 
out va 
1 
- . 056 
.364 
TRI-WINDOW MASKS 
X 1: Total Field 
Mean: Std. Dev.: Std . Error: Variance: Coef. Var.: Count: 
1395.875 152.S32 11S .679 12791 .268 113 .346 Is 
Minimum: Maximum : 
300 470 3167 
X2: stereo Acuity 
Mean: Std. Dev. : Std . Error: Var iance: Coef. Var. : Count: 
12.748 11.999 1-707 13 .994 172.74 Is 
Minimum: Maximum: 
.66 6 .33 21.98 
X3: max sa 
Mean: Std. Dev.: Std . Error : Variance : Coef. Var. : Count: 
12.25 13.284 11 . 1 61 110 .786 1145.963 ls 
Minimum: Maximum : 
- 1 9 1 8 
X4: min sa 
Mean: Std. Dev. : Std . Error : Variance : Coef. Var.: Count: 
1-3.375 ,4. 719 11.668 122 .26a 1-139 .819 Ia 
Minimum: Maximum: 
~ 9 5 -27 
Xs: range sa 
Mean: Std. Dev.: Std. Error: Var iance: Coef. Var.: Count: 
ls.625 13.462 11 .224 111. 9a2 161.538 Ia 
Minimum: Maximum : Range: Sum : Sum Squared : # Missing: 
11 11 1 11 0 145 1337 Ia 
TRI-WINDOW MASKS 
Xs: visual acuity in em 
Mean: Std. Dev.: Std. Error : Variance: Coef. Var.: Count: 
1482.759 127.836 19.842 1774 .854 15 .766 Is 
Minimum : Maximum : 
459 . 74 546 . 1 3862 .0 7 
X7: in va 
Mean: Std. Dev. : Std. Error : Var iance : Coef. Var.: Count: 
1478.472 128.958 110.238 1838.593 16.052 Is 
Minimum: Maximum: 
457 .2 543.56 3827 .78 
X a : out va 
Mean : Std. Dev.: Std . Error : Vari ance : Coef. Var. : Count: 
1487.045 126.975 19 .537 1727.648 ,5.538 Is 
Minimum : Maximum : 
462.2S 548.64 3896.36 
Xg : range va 
Mean: Std. Dev.: Std. Erro r: Variance : Coef. Var.: Count: 
18.572 15.75 12.033 133 .064 167 .077 Is 
Minimum: Max imum: 
2.54 20.32 68 .58 
X 1 o: horizontal field 
Mean : Std. Dev.: Std . Error : Var iance: Coef. Var. : Count: 
1145.875 135.755 112 .6 4 1 11278 .41 1 124 .5 11 
Minimum: Max imum : 
S1 1 73 11 6 7 
Total Field 
stereo A ... 
max sa 
min sa 
range sa 
visual ac ... 
in va 
out va 
range va 
horizonta ... 
TRI-WINDOW MASKS 
Correlation Matrix for Variables: X1 X1 0 
T I F' ld A ota le stereo .. . max sa mm sa range sa VI SUa a ... m va 
1 
.044 
-.122 
.566 
- .888 
-.1 58 
-.148 
- . 1 6 7 
-. 039 
.898 
1 
.388 1 
.165 .68 1 
.143 .022 - . 71 8 1 
-.384 .21 6 .028 .166 1 
-. 31 6 .222 .022 . 1 81 .996 
-.453 .207 .035 .149 .995 
-.533 -. 1 4 9 .055 - . 21 6 -. 34 7 
.062 -.1 03 .525 -. 81 4 -. 39 
Correlation Matrix for Variables: X1 .. . X1 0 
range va 
horizontal fi .. . 
range va 
1 
.253 
honzont .. . 
1 
1 
.981 
-.432 
-. 4 
out va 
1 
-. 251 
-.376 
ALL MASKS CONSIDERED 
X 1: Total Field 
Mean: Std. Dev.: Std. Error : Variance : Coef. Var.: Count: 
1360.815 139.36 17 .575 11549.234 110 .909 127 
Minimum: Maximum: 
300 470 9742 
X2 : stereo acuity 
Mean : Std. Dev. : Std . Error : Variance : Coef. Var.: Count: 
12.735 12.305 1.436 15 .315 ls4.294 128 
Minimum: Maximum: 
0 7 .66 76 .58 
XJ: max 
Mean : Std. Dev. : Std. Error : Variance : Coef. Var.: Count : 
,3.259 ,3 .996 , .769 115.969 1122.607 127 
Minimum : Maximum: 
-3 1 1 88 
X4: min 
Mean : Std. Dev. : Std. Error : Var iance : Coef. Var.: Count: 
1-2.111 13.846 1-74 114.795 1-182.198 127 
Minimum : Maximum: Range: Sum: Sum S_guared : # Missing: 
[ . 9 Is 11 4 ,_5 7 [sos 12 
Xs: range 1 
Mean: Std. Dev.: Std. Error: Variance : Coef. Var.: Count: 
ls.37 12.937 , .565 18.627 154.692 127 
Minimum : Maximum: Range: Su m: Sum Squared: # Missing : ,, 
,, 1 ,, 0 1145 11 003 12 
ALL MASKS CONSIDERED 
Xs: Visual Acuity in em 
Mean: Std. Dev. : Std. Error : Variance: Coef. Var.: Count: 
1480.465 127.342 15 .262 1747.58 Is. 691 127 
Minimum: Maximum: 
417.83 546.1 12972.55 
X?: IN va 
Mean: Std. Dev.: Std. Error : Variance: Coef. Var.: Count: 
1475.696 127.811 15.352 1773.4 72 15.8 46 127 
Minimum: Maximum: 
408 .94 543 .56 12843 .78 
Xs: OUT va 
Mean: Std. Dev.: Std . Error : Variance : Coef. Var.: Count: 
1485.234 127.152 15.225 1737 .21 15.596 127 
Minimum : Maximum : 
426.72 548.64 13101.32 
Xg : Range VA 
Mean: Std. Dev.: Std . Error: Variance: Coe f. Var.: Count: 
19.539 15.572 11 . 072 131 .045 158.414 127 
Minimum: Maximum: 
2.54 20.32 257.54 
X 1 o: Horizontal Field 
Mean: Std. Dev.: Std . Error : Var iance: Coef. Var.: Count: 
1108.074 131.589 16 .079 1997.84 129.229 127 
Minimum: Maximum : Sum: 
76 173 2918 
Total Field 
stereo ac ... 
max 
min 
range 1 
Visual Ac ... 
IN va 
OUTva 
Range VA 
Horizonta .. . 
T IF' ld ota 1e 
1 
.073 
-.154 
.1 07 
- .35 
.023 
.032 
.014 
-. 089 
.891 
ALL MASKS CONSIDERED 
Correlation Matrix tor Variables: X1 ... X1 0 
stereo a ... max mm range 1 v· I A IN I SUa .. . va OUT va 
1 
.495 1 
.285 . 72 1 
.299 .418 -.33 1 
-. 1 38 - . 1 1 -.086 -. 03 7 1 
- . 1 36 - . 1 07 -.072 -. 052 .995 1 
- . 1 3 9 - . 11 2 - . 1 -.021 .995 .98 1 
.003 -. 009 - . 128 . 154 -. 11 9 - .21 7 -. 01 7 
.008 -. 1 7 . 017 -. 254 - .074 - . 07 -. 078 
Note: 2 cases deleted with missing values. 
Correlation Matrix tor Variables: X1 ... X1 0 
Range VA Horizont ... 
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